Notholaena fendleri Kze. is one species of the genus that produces a white farina on the lower leaf surface. This species is a rather rare fern which is well-marked by its strongly flexuous rachis and other axes [1] . According to [1] it occurs on dry rocky bluffs and cliffs from south-eastern Wyoming south to New Mexico. Its centre of distribution is in Colorado.
Materials and Methods
Fronds of Notholaena fen dleri were collected by S. Sigstedt (11. Nov. 1980 ) near Colorado Springs, Colorado/U SA and m ade available by J. L. Carter. This m aterial, 10 g o f air-dried fronds, comprised relatively few small leaflets with a white farina on the lower surface. The exudate could be dissolved by rinsing with acetone and petrol ether. The con Reprint requests to Prof. Dr. E. Wollenweber.
0341-0382/81/0700-0604 $01.00/0 centrated yellow solution on drying at 60° yielded a brownish mass, covered with a yellow layer of wax. Most of the exudate was soluble in benzene. This solution could be used directly for column chro m atography on polyam ide SC-6 (M acherey-Nagel, Düren). It yielded some wax and most of the less polar flavonoids. The second portion of the crude exudate was dried onto polyam ide and then also subjected to CC. Two flavanones (1 and 4 ) pre viously described for the farina of this fern [5] and two new flavanones (2 and 3) were recovered from different fractions of the two columns as crystalline products. In addition a series of m inor constituents, namely three further flavanones, three flavones and two flavonols could be identified by direct com parison with authentic markers.
Columns were eluated as usual with toluene and increasing quantities of m ethylethyl ketone and methanol. The solvents used for TLC were A) toluene/petrol 100_ 140 o/methylethyl ketone/m ethanol 3 0 :6 0 :5 :5 ; B) dto, 60; 30:10: 5; C) toluene/dioxane/ methanol 8 0 :10:10 for polyam ide D C -11 (M ache rey-Nagel) and D) toluene/m ethylethyl ketone 9:1 for silica. After evaluation in UV366 and UV 254 the chromatograms were sprayed with "N aturstoffrea genz A" (/?-aminoethyl ester of diphenyl boric acid; C. Roth, Karlsruhe; 0.5% in M eOH). Some of the minor constituents were purified by preparative TLC on silica plates with concentration zone (SIL-G U R 25, M acherey-Nagel). M ethylation of com pounds 2 and 3 was perform ed according to [6] , Mass spectra were recorded on a Varian MAT 311 A at the Institut für Organische Chem ie der TH Darmstadt. PMR spectra were recorded on a Brucker HFX-90 at the Organisch-Chemisches Institut der Universität Heidelberg.
Results
The total yield of exudate m aterial as recovered from the 10 g o f fern fronds available was 720 mg. A bout 2/3 of it were soluble in boiling benzene. This portion yielded some 110 mg of waxy m aterial which was not analyzed further, but which is obviously not a true wax according to the chemical definition (cf [7] )-Fractions 5 -8 , which on TLC in solvent B look alike, were combined and after drying crystalized from EtOH. This led to the form ation o f slightly yellowish crystals and of pure white crystals. Most of the yellowish m aterial formed clusters, so the two types could be separated and were crystallized once more. Finally portions of 4 0 -5 0 mg each o f the pure compounds 1 and 2 could be obtained.
Some later fractions of the second portion were combined and crystallized from EtOH to yield ca. 60 mg of compound 3. Also several similar fractions from the first and the second column were com bined and yielded some 120 mg of com pound 4.
Com pound 1 was readily identified as eriodictyol 7,4/-dimethyl ether by direct TLC com parison with authentic m arker and was further confirmed by m. p., UV and MS.
Compounds 1 and 2 form one spot on polyam ide with solvent B (R f 0.75) and on silica with solvent D (Äf0.39). On polyamide with solvent A the Rf of com pound 2 (0.41) is slightly higher than that of compound 1 (0.37). On spraying with "N aturstoffreagenz A " compound 1 turns dull-greenish and brownish in UV366; compound 2 turns reddish brown. Both substances are hardly visible on TLC when applied in low concentrations, but the spots become visible when the sprayed chrom atogram is exposed to daylight for a while. Comp. 1 then appears brown, whereas comp. 2 is dark brown.
Comp. 2 melts at 1 4 8 -1 5 0°. UV f i H: 288 nm; + A1C13 367, 310 nm; + N aO M e 358, 288 nm; + NaOAc 288 nm, unchanged on addition of H 3B 0 3. This spectrum points to a flavanone with a free OHgroup at C-5 and probably a methoxyl at C-7. MS m /e (rel.int): 316 (69, M +), 193 (23, "P ic F " accord ing to [8] ), 180 (37), 167 (100, "Pic A "), 150 (85, Pic B"), 137 (83), 135 (67), 123 (17), 110 (22), 107 (49), 95 (70). M + 316 corresponds to the m olecular form ula C17H 160 6 for a flavanone with 2 O H-groups and 2 O C H 3-groups [9] . The fragm entation pattern shows that both ring A and ring B bear 1 OH-group each. The PM R-spectrum finally shows the following signals. PM R (90 MHz, DM SO-d6, TMS; ö ppm ) 12.16 (1H , s, OH-5), 9.2 (1 H, s, OH-4'), 7.1 (d, H -6'), ~ 6.9 (2H , dd, H-2' and H-5'), ~ 6.1 (2H , dd, H-6 and H-8), 5.5 (dd, H-2), 3.78 (6H , s, 2 O C H 3), ~ 3.4 (m, H-3a; Jh-2/h-3 & ~ 12 Hz; 7H-3a/H-3b ~ 17 Hz), ~ 2.7 (m, H -3b; H n-2/n-3b ~ 3 Hz). In total the spectral properties of comp. 2 lead to the assumption that it is another dimethyl derivative of eriodictyol. As a m atter of fact the m. p. as well as MS and PMR data are in agreement with literature data for erio dictyol 7,3/-dimethyl ether [10, 11] . UV-spectral data for this flavanone have not been reported previously.
Comp. 3 forms white crystals, m .p. 221 °. C uri ously enough, the UV-spectrum is practically iden tical with that of comp. 2. / m^H 288 nm; + A1C13 367, 308 nm; + NaOM e 358, 287 nm; + NaOAc 291 nm; + H 3B 0 3 288 nm. Thus this substance also is a flavanone with free OH at C-5 and O C H 3 at C-7, but there is no hint of the B-ring substitution. M ethylation of compounds 1, 2, and 3 leads in every case to the form ation of eriodictyol 7,3',4'-trimethyl ether [5] , which proves again that the three o f them are derivatives of eriodictyol.
Com pound 4 has been reported earlier [5] to be the naringenin 4'-methyl ether, isosakuranetin. This identification can now be corroborated by the phy sical properties of the crystalline product. Further m inor constituents of the farina were identified by direct comparison, partly after purification by PTLC. They are eriodictyol 4'-M e (hesperetin), eriodictyol 7,3',4'-tri-M e, naringenin 7-Me (sakuranetin), luteo lin 7,3'-di-M e (velutin) and luteolin 7,4'-di-Me (pilloin), apigenin 4'-M e (acacetin), quercetin 3,7-di-Me and quercetin 3,7,3'-tri-Me (pachypodol).
It has been stressed earlier that flavanones in fern farina normally occur as m inor constituents only [2, 5] . Exceptions reported previously are Pityrogramm a pallida [12] with C-methylated flavanones as m ajor farina constituents, and Cheilanthes argentea [5] , which produces a series of flavanones, but has a diterpene as by far dom inating constituent. Now it is shown that, apart from some unknown waxy m ate rial, the farina o f Notholaena fendleri consists almost completely o f flavanones. The predom inant com pound is isosakuranetin (4) with 17% o f the total exudate; then there are the monomethyl ether (3) and the two dimethyl ethers (1 and 2) o f eriodictyol with 5 -8 % each. Hesperetin, eriodictyol 7,3',4'-trimethyl ether and sakuranetin are m inor constituents. The flavones acacetin, velutin and pilloin as well as the flavonols quercetin 3.7-dimethyl ether and pachypodol occur in trace am ounts only.
It may be mentioned that the farina flavonoid pat tern formed by the constituents described here is very typical and rather constant in all specimens from which fragments could be analyzed hitherto (derived from US National Herbarium , Washington, D.C.; New York Botanical G arden, Bronx, NY; Field M useum of N atural History, Chicago, 111.; G ray H erbarium of H arvard University, Cam-
Discussion

